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ABSTRACT 

We compared tryptophan, neopterin, and interferon-7 (IFN-7) concentrations in serum 
and cerebrospinal fluid (CSF) of 22 patients with human immunodeficiency virus type 1 
(HIV-1) infection. Tryptophan levels were found to be decreased in CSF and serum of 
patients whereas neopterin levels in CSF and serum and serum IFN-7 concentrations were 
increased compared to healthy HIV-1 seronegatives. Tryptophan concentrations correlated 
negatively to neopterin concentrations, and serum neopterin concentrations correlated 
positively to IFN-7 concentrations. Thus, decrease of tryptophan levels is associated with 
chronic immune stimulation in patients with HIV-1 infection. From the data it appears that 
reduced tryptophan in patients may result from induction of indoieamine (2,3)-dioxygenase 
by IFN-7. 



INTRODUCTION 

Patients who are infected with human immunodeficiency virus type 1 (HIV- 1 ) frequently present with 
neurologic and psychiatric symptoms.' u Impaired tryptophan metabolism and reduced availability of 
5-hydroxytryptamine (serotonin) could be involved. 12 " 4 ' Reduced concentrations of tryptophan were 
reported in serum and cerebrospinal fluid (CSF) of patients/ 2 31 Decreased tryptophan could result from 
increased activity of indoieamine (2,3)-dioxygenase (IDO), which is induced by interferon-7 (IFN-7) and 
degrades tryptophan to form kynurenine, which then is further metabolized. (5) Increased concentrations of 
neopterin in patients with HIV-1 infection 16 " 8 * reflect chronic immune stimulation. Large quantities of 
neopterin are released by human macrophages on stimulation with IFN-7 in vitro™ Release of neoptenn by 
stimulated macrophages is paralleled by significant degradation of tryptophan.' 10> Recently, increased 
concentrations of IFN-7 were reported in serum of HIV- 1 seropositives.* 1 1 * 

In this study, we compared tryptophan concentrations in serum and CSF of patients with HIV-1 infection 
to the immune activation markers neopterin and IFN-7. Neopterin and tryptophan data stem from two earlier 
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studies, which reported decreased tryptophan* 3 ' and increased neopterin (6) levels in serum and CSF of a 
larger cohort of HIV-1 seropositives. 

METHODS 

Neopterin and tryptophan levels were measured in serum and CSF samples from 22 patients with 
established HIV- 1 infection (ELISA-positive, confirmed by Western blot). Fourteen .patients were 
asymptomatic, four had persistent generalized lymphadenopathy (LAS), and four had AIDS at time of 
enrollment (Table 1). One LAS patient was treated with metronidazolum and paramomycinum, and the 



Table 1. Patient Characteristics and Laboratory Results 



Tryptophan Neopterin 

(umole/ liter) (nmolelliter) IFN-y (U/liter) 



Case" 


Clinirnl 

status b 


Age 
(yrs) 


Serum 


CSF 


Serum 


CSF 


Serum 


CSF 


1 


AS 


28 


45.1 


2.36 


12.4 


2.0 


c 


— 


2 


AS 


37 


36.7 


1.68 


10.6 


1.2 


— 


— 


3" 


AS 


25 


; -30.9 


1.76 


19.6 


3.3 


34 


206 


4 


AS 


25 


28.4 


1.78 


4.9 


1.2 


21 


189 


5 


AS 


31 


37.7 


1.79 


5.8 


1.3 


78 


137 


6 


AS 


28 






1 1 9 




77 




7 


AS 


' 47 


25.5 


2.42 


9.5 


2.7 


37 


140 


8 


AS 


39 


23.0 


0.15 


38.4 


27.1 


99 


189 


9 


AS 


21 


28.9 


1.02 


18.3 


9.5 


50 


53 


10 


AS 


25 


30.9 


1.88 


10.6 


10.7 


50 


78 


11 


AS 


65 


25.5 


1.63 


12.8 


7.2 


26 


166 


12 


AS 


48 


19.6 


1.58 


19.8 


16.9 


240 


128 


13 


AS 


26 


41.6 


1.21 


9.9 


12.3 . 


51 


123 


14 


AS 


51 


26.9 


0.57 


11.4 


10. 1 


44 


95 


15 


LAS 


33 


32.8 


1.43 


13.6 


4.5 






16 


LAS 


27 


31.3 


0.97 


9.8 


8.3 


20 


134 


17 


LAS 


49 


27.4 


1.24 


31.4 


4.5 


394 


255 


18 


LAS 


41 


31.3 


1.27 


12.2 


4.8 


44 


124 


19 


AIDS 


40 


41.1 


1.38 


2L6 


8.4 






20 


AIDS 


37 


13.7 


L23 


126.6 


72.7 


321 


203 


21 


AIDS 


31 


26.4 


1.39 


30.5 


12.4 


1055 


188 


22 


AIDS 


46 


26.4 


1.22 


37.4 


23.2 


229 


71 


Mean 




36 


29.8 


1.48 


21.7 


11.2 


159 


143 


SD 




±11 


±7.4 


±0.57 


±25.3 


±15.4 


±250 


±53 


HIV seronegative controls* 3,6 * 111 














n 






14 


14 


359 


19 


79 




Mean 






39.7 


2.18 


5.34 


1.60 


33 




SD 






±8.8 


±0.19 


±2.70 


±0.60 


±15 





a All cases are male homosexuals except case 2 (female blood transfusion recipient), case 22 (female with 
heterosexual transmission), and case 14 (male intravenous drug user). 

b AS, Asymptomatic; LAS, lymphadenopathy syndrome. All AIDS patients had at least one episode of 
Pneumocystis carinii pneumonia; case 19 had additional Kaposi's sarcoma. 

c Not done. 
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AIDS patients were treated with amphotericinum B 4 (n = 1), aciclovirum + pyrimethaminum + calcii 
folinas + amphotericinum B (n = 2), or tjimethoprimum/sulfamethoxazolum + flunitrazepanum {n = 11). 
All others were free of therapy at the time of enrollment. <3) 

Tryptophan concentrations in serum and CSF were determined by high-pressure liquid 
chromatography. (3) Neopterin levels in serum and CSF were measured by radioimmunoassay (RIAcid, 
Fa.Henning-Berlin, Berlin, FRG) as previously described. (6) IFN-7 was measured in 18 serum and 18 CSF 
samples by radioimmunoassay (Centocor Inc. , Malvern, PA). The sensitivity of this test was increased to 1 8 
U/liter by increasing the incubation time as described/' n The test results were compared to HIV- 
seronegative healthy controls, who have been examined in our laboratories during the underlying primary 
studies' 3 ' 6 * and in an earlier study. <m 

Comparison of grouped data was done by Student's t test and results were confirmed by nonparametric 
tests (not shown in detail). To test for associations between variables we used Spearman's rank correlation 
coefficients r s . 



RESULTS 

Patients with HIV-1 infection had decreased tryptophan (p < 0.01 Student's t test) and increased 
neopterin concentrations (p < 0.01) in serum and CSFcompared to HIV-1 seronegative controls (Table 1). 
Circulating IFN-7 in serum was increased (p < 0.01 ). IFN-7 was also detectable in CSF. Treatment status 
was not associated with any of the parameters in the group of patients (not shown). 

Negative correlations existed between neopterin and tryptophan concentrations in both serum 
(r s = w -0.42, p = 0.05; Fig. 1) and CSF (r s = -0.66, p < 0.01). Serum IFN-7 correlated positively with 
serum neopterin (r s = 0.65, p < 0.01) and negatively but not significantly with serum tryptophan levels 
^ = -0.39, n.s.)- CSF concentrations of IFN-7 did neither correlate with neopterin nor with tryptophan 
concentrations in the CSF (r s = -0.22 and 0.20; n.s.). 

To explore a possible statistical bias caused by the four AIDS patients, we reevaluated the correlation 
analyses considering exclusively asymptomatic individuals and patients with lymphadenopathy syndrome. 
However, the results of the statistics and the interpretation of the data did not change. 
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FIG. 1. Correlation between^erum neopterin and tryptophan levels in patients with HIV-1 infection (note 
the double-logarithmic scaled The data suggest a reciprocal . relationship, which is significant 
(tryptophan -1 = 0.0285 + 3.41 x F0" 4 x neopterin; r = 0.802, p < 0.0001). 
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DISCUSSION 

HIV-l infection is associated with increased neopterin' 6 -* and decreased tryptophan'"- concentrations 
m serum and CSF. Increased levels of circulating IFN- 7 have also been reported <"» The result the 
present evaluate confirm these earlier findings. The three variables correlated to a variable dee e wi« me 
seventy of symptoms in the patients. However, the number of samples in the eroups with different cl ni a 
presentments too small for meaningful statistical evaluation " 

In our patients with HIV- 1 infection, we found a positive correlation between serum IFN-7 and neooterin 

ZIT™, h 1 1'"' 0 ",' W u° Und th3t Semm lTypWphan leVClS COrre,ate "8»H 4 to nSSlS 
data agree w„h the hypothesis that endogenous release of IFN-y may be the reason for these metaboHc 

changes ,n patients Decreased tryptophan appears to be associated with chronic immune act L and m y 
result from increased activity of IDO. IDO and release of neopterin can be induced bv IFN-7 <"° '°' 

The correlation between serum tryptophan and IFN- 7 was negative, but was just be ow statistical 
Significance. The small number of patients in this study could be the reason for the lack o sTgmV a ce 
Furthersud.esmayhelptoclarify the possible presence of a correlation between tryptophan! 
Obv.ously , other cytokines such as lFN-« and tumor necrosis factor-a (TNF-a) can modulate Faction and 
hence contribute to additional changes in neopterin and tryptophan concentrations »> In adduion WN y < 
may bmd to receptors on cells.-. and so tree IFNyr would no. reflect its biological actfvit Thi ma3 
explain in pan why the direct correlation between neopterin and tryptophan was better than that to IFN- 7 
CSF M,nn tPM Pte r T lTypt0ph f n concentrations coml ** negatively and IFN- 7 could be detected in 
than ih^T 7 u WCre S ! milar SCnim 3nd CSF sam P' es but ma "y P atie ™ had CSF levels higher 
FN Sen,m ' H ° Wever ; ,he levels showed on 'y small variation. No correlation existed between CSF 

fV 1 l e ° Ptei ? n ° f tr yP ,0 P han concentrations in the CSF. Unfortunately, no CSF IFN- 7 reference levels 
of healthy controls were available. Further studies are needed .0 demonstrate a possible relevance of 
mtrat ecal production of IFN- 7 in patients with HIV-. infect.on and the reliability ofTe test usedTn CSF 
samp es. However, intrathecal production of the immune activation markers p.-microelobulin and neopterin 
has already been demonstrated in patients with HIV- 1 infection ">*> " neo P":nn 

The relevance of IDO activation in HIV-l seropositive patients is further supported by earlier data 
showing increased levels of tryptophan metabolites such as kynurenine ,n serum- anS quinohL aci'in me 

m ™ r ™ n g that decreased tryptophan is not simply due to reduced dietary intake ' 3 - l5 > 
Jl h^'h T " , of tr yP t0 P nan metabolism are seen in early stages of HIV-l infection and 
mdependently from neurologic or psychiatric abnormalities of patients. However, a significant corSaSn 
ST Th, v d , t,7P / 0phan M ^"°'<**.l disturbances such as dementia and po.yn uTathy • 
p nents w,,h HIV- 1 infection was demonstrated in earlier studies.''-' In the small eroup of patients! 0 r 
study, we were not able .0 examine this relationship. It remains to be shown wheAer neurotoxic ^triptophan 
me abo tes' - or altered availability of serotonin.-' or both effects together, contribute to nc^^o- 
ef meS '" metab ° ,iC abnormalities - however - ™y result from chronic challenge of 

H V^tfec, y C ° nCOm,tam rdease of c y tokines in P atien « long-lasting illness such as 
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